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Claims 



[cl] 



[c2] 



1 .A composition ft>r electron emitters of gas discharge devices comprising a 
mixture of carbon i|janotubes and oxygen-containing compounds o f alkali - 
earth metals. 

2.The composition according to claim 1 wherein said oxygen-containing 
alkali-earth metals are\alkali-earth metal oxides. 
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3. The composition according to claim 1 wherein said carbon nanotubes have 
a diameter in a range from about 1 nm to about 200 nm. 

4. The composition according to claim 3 wherein said diameter is preferably 
in a range from about 1 nnAo about 100 nm, more preferably from about 

1 nm to about 50 nm, and most preferably from about 1 nm to about 20 nm. 

5. The composition according to claim 2 wherein a proportion of said carbon 
nanotubes in said mixture of carbon nanotubes and alkali-earth metal 
oxides is in a range from about 0(.l percent by volume to about 95 percent 
by volume. 

6. The composition according to cla\m 5 wherein said proportion is preferably 
from about 5 percent by volume to dpout 90 percent by volume, more 
preferably from about 20 percent by volume to about 90 percent by volume, 
and most preferably from about 30 percent by volume to about 90 percent 
by volume. 



[c7] 



7.The composition according to claim 1 wherein said carbon nanotubes are 
produced by a catalytic cracking and pyrolyzing of hydrocarbons. 



V 



[c8] 



[c9] 



ogjtic 



8.The composition according to claim 7 wherein said hydrocarbons are 
selected from wie group consisting of alkynes and alkenes having 2 to 5 
carbon atoms inclusive and alkanes having 1 to 5 carbon atoms inclusive. 



9. The compositiori according to claim 7 wherein said hydrocarbons are 

v 

selected from the group consisting of substituted and unsubstituted 
aromatic hydrocarbons having 1 to 3 rings. 
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lO.The composition according to claim 7 wherein a catalyst for said catalytic 
cracking an\i pyrolyzing is selected from the group consisting of nickel, 
cobalt, chromium, iron, mixtures thereof, and alloys thereof. 



\ 



1 1 The composition according to claim 1 0 wherein said catalyst is cobalt 
chromium alloy.V 



1 2\A gas discharge deWce comprising an electron emitter which comprises 
an electrically conductiv^material coated with a mixture of carbon 
nanotubes and oxygen-conraining compounds of alkali-earth metals. 

13.The gas 'discharge device of ojaim 12 wherein said oxygen-containing 
compounds of alkali-earth metalsVe alkali-earth metal oxides. 



1 4.The gas discharge aevice according to claim 1 2 wherein said carbon 
nanotubes have a diameter in a range from about 1 nm to about 200 nm. 



1 S.The gas discharge device according to claim 12 wherein said diameter is 
preferably in a range froVn about 1 nm to about 100 nm, more preferably 
from about 1 nm to aboul\50 nm, and most preferably from about 1 nm to 
about 20 nm. 

16.The gas discharge device* according to claim 13 wherein a proportion of 
said carbon nanotubes in said mixture of carbon nanotubes and alkali-earth 
metal oxides is in a range fronq about 0.1 percent by volume to about 95 
percent by volume. 



1 7.The gas discharge device according to claim 1 6 wherein said proportion 
is preferably from about 5 percent by volume to about 90 percent by volume, 
more preferably from about 20 percent by volume to about 90 percent by 
volume, and most preferably from a^out 30 percent by volume to about 90 
percent by volume. 



1 8.The gas discharge device accordinglto claim 1 2 wherein said carbon 
nanotubes are produced by a catalytic clacking and pyrolyzing of 
hydrocarbons. 
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[cl 9] 1 9.Thelgas discharge device according to claim 1 8 wherein said 

:a|t 

having ^to 5 carbon atoms inclusive, alkanes having 1 to 5 carbon atoms 
inclusive\and mixtures thereof. 



hydrocarbons are selected from the group consisting of alkynes and alkenes 



[c20] 20.The gas discharge device according to claim 1 8 wherein said 

% 

hydrocarbons are selected from the group consisting of substituted and 
unsubstituted aromatic hydrocarbons having 1 to 3 rings inclusive. 

\ 

[c2 1 ] 21 .The gas discharge device according to claim 1 8 wherein a catalyst for 



said catalytic cracking and pyrolyzing is selected from the group consisting 
of nickel, cobalt\ chromium, iron, mixtures thereof, and alloys thereof. 

\ 

[c22] 22.The gas discharge device according to claim 21 wherein said catalyst is 

W 

cobalt chromium 'alloy. 

w 



[c23] 23.The gas discharge device according to claim 12 further comprising a 

background gas contained therein, said background gas being selected from 
the group consisting of helium, neon, argon, krypton, xenon, and mixtures 

thereof. ^ 

\\ 

[c24] 24.The gas discharge device according to claim 23 wherein said background 

gas has a pressure of less than about 0.3 kPa. 

[c25] 25.The gas discharge device according to claim 24 further comprising a 

mercury vapor contained therein. 

' \\ 

method for making an electron emitter of a gas discharge device 
comprising the steps of: 

providingsan amount of carbon nanotubes and an amount of oxygen- 
containing compounds of alkali-e arth metals ir) proportions such that an 
electron emissioi^trom said carlif^'njmotub^ is a substantial portion of a 
total quantity of electrons emittpd frgto-Sciid electron emitter; 
mixing said carbon nanotbihes aHciyaid oxygen-containing compounds of 
alkali-earth metals to form a rnixture; 
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[c32] 
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providing an electrically conducting structure for said electron emitter; 
depositing said mixture on said electrically conducting structure; and 
converting said oxygen-containing compounds of alkali-earth metals to 
alkali-aarth metal oxides to form said electron emitter. 

27. The r\ethod according to claim 26 wherein said portion is at least 1 0 
percent. 

28. The method according to claim 27 wherein said portion is preferably .__ 
least 20 percent, more preferably at least 50 percent, and most preferably at 
least 80 percent. 

29The method according to claim 26 wherein said oxygen-containing 
compounds of alkali-earth metals are selected from the group consisting of 
carbonates, nitrates, oxalates, citrates, and acetates of alkali-earth metals. 

30.The method according to claim 2^>yherein said structure for said 
electron emitter is\elected from /group consisting of a sleeve, a stick, a 
coil, a coiled coil, a kriple coil, ajfd/dpmtyinations thereof. 

31 .The method according to claim 26 wherein said depositing is done by a 
method selected from\he group consisting of painting, dipping, spraying, 
and electrophoresis. 

32,.A method for making electron emitter of a gas discharge device 
comprising the steps of: 

providing an amount of oxygen-containing compounds of alkali-earth 
metals and an amount of catalyst particles; 

dispersing said catalyst particles in said oxygen-containing, compounds of 
alkali-earth metals to form a mixture; 

providing an electrically conducting structure for said electron emitter; 
depositing said mixture on said electrically conducting structure; 
converting said oxygen-containing\:ompounds of alkali-earth metals to 
alkali-earth metal oxides; and 

forming carbon nanotubes on said catalyst particles to form said electron 
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emitter. K 

33. The method according to claim 32 wherein said growing comprises 
cracking and pyrolyzing a hydrocarbon on said catalyst particles at a 

\ 0 0 

temperature in a range from about 400 C to about 1 200 C. 

34. The meth&d according to claim 33 wherein said temperature is preferably 

\ 0 0 

in a range from about 400 C to about 700 C. 

35. The method\according to claim 33 wherein said hydrocarbon is selected 
from the group consisting of alkynes and alkenes having 2 to 5 carbon 
atoms inclusive, ilkanes having 1 to 5 carbon atoms inclusive, and mixtures 
thereof. \ y 

36. The method according to cffaim 33 wherein said hydrocarbon is sleeted 
from the group consisting of^ob^tituj^d and unsubstituted aromatic 
hydrocarbons havincAl to 3 rings inclusive. 

37. The method according to claim 32 further adding an amount of at least 
one temporary binder ira said mixture while dispersing said catalyst particles. 

38. The method according to claim 33 wherein said catalyst is selected from 
the group consisting of nickel, cobalt, chromium, iron, mixtures thereof, and 
alloys thereof. \ 
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